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: MEMORANDUM STATINTL '
STATINTL To: ‘
| STATINTL

_ Subject: Variation of Denslty with Numerical Aperture
. ]

™ mTRODUCTION

This memorandum presents the results of a study to determine the
dependence of phdtogra.phic density of various films on parameters such as numer-
ic§1 aperture, film gamma, development time, granularity and exposure, Ex-
plicitely the objective was to provide the rules for predicting density for a partic-
ular numerical aperture when the density was known for a different numerical
aperture, The prime reason for density difference with numerical aperture is

T W

the scattering of light by the grainy emulsion,

This memo contains three sections. The first describes the experi-
‘mental procedure”{c}r measuring density values of various samples, the second
";igye‘agnts the resu&g in terme of Callier's 9. fa.cto:j, and the third contalns
- recommendations for a procedure for density value prediction.,

' EXPERIMENTAL PROCEDURE

e The gégeral procedure for obtaining density values is to scan a step
wedge (on the sample film) with a mic rodansitometg;;' using several combinations
j--fbf nuymerical ape:fii;i'es of the source and detector, tv’I'he numerical aperture of
the source is the élxi; of the half-angle of the cane ef light llluminating each point
" of the sample, and the numerical aperture of the detector is the sine of the half-
'anglye of the cone éf light collected from each point on the sample by th%TdAéItlalélt-lc-nli'.

: \"I;he‘ sample films included in the scanning were chosen on the basis of avallability,

sy These films provide a large range in granularity
“which is a parameter strongly related to scattering, The sampleswere produced
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by‘ifnagin'g-a- step wedge onto the samples with an enlarger, A reduction
in image size was provided such that all densities in the wedge could be mea-
sured from a single scan by the -Model 4 microdensitometer, In addition
to the size reduction, the image was slightly defocused to assure that density
fluctuation in the steps of the- wedge were not reproduced on the sample.
The amount of defocus was assumed sufficient when edge blurring was in evia
dence to the eye since the fluctuations were not visible even when in focus, The
defocus was not enough to smear the steps together however, The processing
of the sample films conformed to normal practice, * Table (1) lists the samples
generated along with their nominal granularity values and processing. In one
case _ the processing was varied by including development time, both
long and short compared to the normal 5 minutes, These are marked by * in
Table (1),

N\

Film Type %o Devecloper Development Time

0,085 D-19 - 8 min,
0. 020 DK-50 5
0,014 D-19 5

<0,01 DK~50 4
- D-19 2%
0, 055 D-19 5
- D~19 12

D-19 5
TABLE (1)

FILMS TESTED

The imaged step wedge on each of the sample films was scanned and tho
densities recorded for several combinations of source and detector numerical
apertures, The numerical aperture combinations used are given in Table (2),

In each case a la‘rge scanning aperture area (greater than 2000 /.4_2) was provided
to keep fluctuation due to granularity at a minimum thus minimizing the error in
the measured density value,
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Source N, A, Detector N, A,
0.1 0.1
0.1 0, 25
0.1 0.4
0.25 0. 25
0,25 0.4
0.4 0,4

TARLE (2)

NUMEK ICAL APERTURE COMBINATIONS
FOR SCANNING

RESULTS

- ’ In order to avoid confusion in terms, the density of a particular sample
will be given arguments that describe how it was measured, For the remainder
of this memo the following notation will be adopted when necessary

D=D(x,y STATINTL ‘”

STATINTL

where X and y are the numerical apertures of the source and detector re-
spectively,

As an illustration of how density varies with numerical aperture, Figure
STATINTL (1) includes plots for ||| GGG o cach of the two films three levels
were selected from the step wedge images, The normally decreasing density with
o increasing numerical aperture is in evidence for _which has a moder-
ately high granularity. On the other hand, a slight rise in density for increasing
numerical aperture is a possibility for- In the case of Figure (lc) where
© both numerical apertures increase fogether, an increase in density could be
attributed simply to the longer path lengths through the three-dimensional emulsion,
An upper bound for this density risc has been derived for a non-scattering emulsion, ¥
and the bounds properly lie above the curves of Figure (lc)., However, the curves
of Figure (1d) have the same rise characteristics as Figure (lc), but there is no
known theoretical non-scattering basis for a rise in density with increasing detector
numerical aperture, Therefore, the slight rises of Figure (lc) and (1d) are

attributed to errors in density measurement,

STATINTL
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| The usual practice in describing the variation of density with numerical
aperture is with ""Callier's Q factor" defined by:
D (0,0} (2)
D (0,1)
Although numerical apertares of zero are unattainable in practice, they are used
to indicate ""smallness'., Since specular density [ D(o,0) _]_ is very sensitive
to the actual values of the numerical apertures used, the factor Q@ is only
of value when the numerical apertures are known accurately. A more generalized

factor ( 9 ) can be defined:
D(o,1)

Since the only data obtained for this memorandum was for the numerical apertures
of Table (2), the following factor ( q_ ) is used for the remainder of this memo.
r_ DIx,Y)

D(o.1,0.4)

The usefulness of these factors is in the prediction of a density D(x_, ‘j:.)
when D (X, \j’) is known, Thus:

‘i/(xz,‘:h)
ﬁ.'(xl )\j’)

(4)

D%, ) D(x, ,9) (5)

Figurces (2) through (8) show how q_’(x M) varies with N(x,Y4) for all the film
types in Table (1) with the exceyption of I whose q, factor is urg’eP'Avr}NrrE

(- the measurement error. For each film type several combinations of numerical
apertures ( X,y ) from Table {2) are included, and it is seen that for increasing
density, c‘: decreases. Some of the aperture ¢ anbinations in Table (2) are not
plotted since they are close to unity for all densities, At small values of D
however the value of 4q approaches unity since in the limit there are no developed
grains in the emulsion and hence negligible scattering, It is also scen that for a
particular cambination of numerical apertures, =~ high values of granularity
{ ¢ from Table (1} ) lead to high values of 1’ .

STATINTL For one film type - the processing time was varied from 2 ininutes
to 12 minutes in order to find tiie effect on q,' . Comparison of Figures (5), (6)
and (7) shows little change in q,' , but although the density of a particular step

increased with increasing development time, the film ¥ did not change significantly,

STATINTL

trouble with the F
L 50T,
RENTL

* The diffuse densities [ D(o,1) ] were not obtained due to

STATINTL  daagitapsticte, ReiSTIgHg:  BIR!
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This is an cffect of the developer (D-19) since other developers (such as D-76)
yield & change in Y  with incrcasing development time, The variation of Q

with J has been investigated and a typical trend is shown in Figure (9). "

STATINTL It has been shown by_ that Q@ can be expressced as a

logarithmic function of density; explicitly that a plot of log @ ws. log D yiclds
straight lines, Figurcs (10) and (11) are plots of log ‘i:( x) M ) vs. log D(ﬁ)g‘)

and the straight line relation was found, The oscillations about the line are

probably due to certain non-lincaritics present in the microdeasitometer
electronics,

A ECOMMENDATIONS

It is recommended that each film type be sampled at several diffcrent
densities for the numerical aperture combinations of intcrest and plots made of
q(x,4) vs. DI(x,V) , and g (x,4) vs. D(0,1) for inclusion in the
microdensitometer handbook., These plots would be the working graphs from which

D(x; ,‘jz) can be found when D(x,, 94) is known, This is done as illuastrated
in Figure (12) by first finding D(0,1) by determining q(x,,Y,) from graph (a)
and.dividing this value into D(X, ,Y,)

A - A

Nz v) (7(,)
g (4 Gy O

\'\()(l’ql>

(94:_1‘/2))‘ ? (XZ’L{z)

D(x,y) D(0,1)
(a) (#)

FIGULE (12)

WO KING Gi  APIIS FO:: DENSITY P EDICTION
STATINTL L, ;
Fundamentals of Photoggraphic Theory
{1960) Chapter 10

Approved For Release 2001/04/02 : CIA-RDP78B04747A000200010040-5

0T



174

L6

151

14

134 -

124

11

/0¥

- Fia. (‘7) - TYPLca\ Variation .of G with Film Gamema
Approved For Rfease 2001/04/02 : ClA-RDP783T747A000200010040-5

T

ot

- — ' ‘ ' ' ’ iz o4
02 Apprdvad For R8idase 2001/04702 : glA-ﬁﬂb7sso4747Aooozooo10040-5 .

(=

(,&;i




STATINTL.

Appngve(dcﬁbr @

K

lease aemiomz )cemamwdwﬁuméokﬁngmom 5

'foy,— - (2 Mm. De\ie‘o?meh

"r

|

Seh o b Approvgd For Release 2001{?4/02

o 1o

5 o=,
Blf« RD)P78B04747A000200010040 -5



STATINTL

App?é%’eéil'l'zag_ qu&ﬁ?

A et?ﬁ?sh@w%

eve OPY’Y‘\Q

"t.

and

802

D L
00310040-5» o

o

N

-

A

-—OS

|

5l

RS

Approved For Release 2001IQ51502 @lﬁc—RPP73304747A0002000:I0040 5 .

=




- Approved For Release 2001/04/02 :-dlk-RDP78BO4747A000200010040-5

The sccond step is to find D (x, y‘dl\ by detecrmining q (x, y2) - from
'graph (b} and then multiply this value by the valuc of D(o)i) .

In order to provide the graphs discussed above, it is first nccessary to
measurc the corresponding diffuse densitics, If the trouble prescently cncouantered
STATlNTL with the _ denasitometer cannot be overcome, it is then recommended that
D(0.1,0.4) be substituted in place of D(o,1) aud of coursc q “(x ) in place
of q (x Y

STATINTL

Approved For Release 2001/04/02 : CIA-RDP78B04747A000200010040-5



